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Labelled and labellable reagents for 
fluorometric assays 



Technical Field 

This invention relates to the assaying, of organic 
substances found in human and animal body fluids and 
the like. More particularly it relates to a fluorometric 
immunoassay and substances for use as labelled reagents 
5 in such an assay. 

Background Art 

There are now a number of applications in which it 
is required to label, antibodies (or other organic sub- 
stances, for example macromolecules such as proteins, 
and haptens) with metal ions, either radioactive metal 

10 ions for use in radio immunos say - and. other nuclear medicine 
studies or lanthanide metal ions for fluorometric immun- 
oassay and other studies involving fluorescence. For 
these purposes the organic substances are conventionally 
labelled with metal ions through the agency of chelates, 

15 Hitherto the chelates have been modified with bridging 
reagents which convert them into bifunctional reagents 
so that they retain their chelation function whilst being 
readily attachable by covalent bonding to the molecule 
to be labelled. . ^ 

20 One class of chelating "reagents- which has been 

used for this purpose is the class of ^/} -diketones , such 
as trifluoroacetylacetone and benzoyl and and^-naphth- 
oyl trif luoroacetone, and chelates of lanthanide metal 
ions with such reagents have been coupled to antibodies 

25 using EDTA-analogues (see European patent application 
No. 0,064,484). It has also been proposed in GB Patent 
Specification No. 1,560,402 to modify a /S -diketone ligand 
such as thenoyl-trif luoroacetylacetone by the attachment 
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an NH^bearing macromolecule , a ^S-diketone and an aldehyde. 

It also provides a labelled reagent for use in 
fluorometric assay comprising a cyclic condensation product 
of an aldehyde, a (3 -diketone and an organic substance 
5 having an Ni^ group, the condensation product being chelated 
to a lanthanide metal ion to form a complex capable of 
being estimated f luorometrically, and a process for the 
fluorometric assay of an organic substance in which such 
a labelled reagent is used. 

10 Brief description of the drawings 

The invention is illustrated by the accompanying 
drawings which are graphs relating to assays of alpha- 
faeto-protein (selected as using a typical NH 2 -containing 
antibody), as described in the Examples below. Figure 
15 1 is a calibration curve using rabbit anti-alpha-f aeto- 
protein (AFP) directly labelled with trif luoroacetylace- 
tone. Figure 2 is a. calibration curve in which the anti- 
AFP has been labelled, using labelled polylys.ine. r - and 
Figure 3 is the calibration curve shown in Figure 2 when 
Eu(III) fluorescence was fully enhanced. 
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Detailed description of the invention 

The reaction between the NH 2 -bearing substance 
or macromolecule (R 1 -NH 2 ), the ^.-diketone ( R 3 COCH 2 COR 3 ) and 
the aldehyde (R-CHO) to form the cyclic condensation 
25 product can be represented by the followinc eauation: 



O o 
R 1 -NH 2 +R 2 CHO+2R 3 -C-CH 2 -C-R 3 



H R 2 



R -C-G C-C-R 

R 3.« H. R 3 * 3H 2 0 

R 1 
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The symbols R ; R and R J are arbitrary symbols dependent 
on the nature of the starting materials. 

The method of the invention does not require the 
prior modification of the ^ -diketone and, because it 
5 depends only on the basic structure of the -diketone 
and not on the nature of any substituents , it can be 
used with a wide variety of different ^-diketones. It 
is therefore possible to choose the optimum (3 -diketone 
on the basis of other criteria, for example formation 
of soluble complexes having satisfactory absorption spec- 
tra and formation constants with a metal ion introduced 
for labelling purposes without loss of immuno reactivity 
or for the avoidance of toxic effects. ^-Diketones which 
have, been used successfully include both aromatic and 
15 non-aromatic species, and it is preferred to employ a 
fluorine-subs titued material when producing a complex 
for labelling with a lanthanide metal ion for fluorometric 
purposes. Examples of suitable ^-diketones are trifluoro- 
acetylacetone , thenoyltrif luoroacetone , 4,4, 4-trif luoro- 
20 1, (2-furyl)l, 3-butanedione and C(- and ^ -naphthoyltri- 
f luroacetone. Other suitable £3 - diketones are those 
mentioned in an article by Hemmila et al in Analytical 
Biochemistry, 137 , 335-343 (1984) or in UK Patent Specif- 
ication No. 15 6 04 02 or European Patent Application No. 
25 0,064,484 mentioned above or in European Patent Applica-. 
tion No. 0,002,963. 

It may be advantageous to employ the ^ -diketone 
in the form of a metallic ^2-diketonate with the metal 
of interest or with another metal (for example with 
copper) in order to promote the chelation properties 
of the final product. If the initial metal is not the 
metal of interest it can then be displaced with the metal 
of interest,, for example a lanthanide metal, to form 
the labelled product. 
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The aldehyde used is preferably formaldehyde when 
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specialized, functionality, e.g. chelation, is not required 
in the aldehyde, but other aldehydes may be used if 
desired, for example -C 4 -alkylaldehydes optionally 

bearing inert substituents , and this gives a further 
5 means of varying the properties of the resulting cyclic 
condensation product. The aldehyde itself may have 
chelating properties deliberately built into its chemiqal 
structure and these will then assist in the chelation 
of the metal in the labelled product. 

10 The invention can be used to provide labelled re- 

agents, and precursors therefor, from organic substances 
whether they initially contain sufficient NH^ groups 
for the formation of the cyclic condensation product 
or not. Where the organic substance contains no or in- 
15 sufficient groups initially, a cyclic condensation 

product may be formed by initial reaction of the ^ -dike- 
tone and the aldehyde using an amine or amino acid or 
other NH 2 -containing compound, for example an NH 2 -contain- 
ing polymer (such as a polylysine), having - an active 
2 0 group capable of reacting with the macromolecule. The 
resulting cyclic condensation product is then reacted 
with the organic substance to be labelled by a mild 
reaction through the 'active group to attach it to the 
organic substance. An example of such a reaction is 
25 the carbodiimide reaction. Alternatively, an active 
ester can be made, for example the hydroxys uccinimide 
active ester of poly-L-lysine . Instead of the polylysine 
it is possible to use a lysine-cont aining chelate, which 
will then provide further assistance in chelating the 
metal in the final product. An example of such a chelate 
is siderophilin (transferrin). 
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The invention may' thus be used to potentiate for 
labelling with metal ions a wide variety of organic subst- 
ances naturally occurring in human and animal body fluids 
35 or cultivated or generated artificially, for example antig- 
ens, antibodies, hormones (e.g. T4 ), enzymes and other 
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proteins and haptens, and all such substances are intended 
to. be encompassed within the term organic macromolecule 
as used herein . The substances in question will in gener- 
al have molecular weights in excess of- 300 in order to 
5 qualify as macromolecules, but substances of lower mole- 
cular weight are not excluded. The macromolecule will 
in general contain linked subunits such as amino acid 
residues but this is not a requirement. 

The reaction to form the cyclic condensation product 
10 is preferably carried out at a mildly acid pH, for example 
5.5 to 6.5, although alkaline pHs are not ruled out. 
Preferably it is carried out at a mildly elevated tempera- 
ture, for example 30-50°C. The use of high temperatures 
which would damage the NH -bearing macromolecule is to 
15 be avoided when manufacturing the condensation product 
for use in a subsequent assay... The use of lower temper- 
atures will reduce the rate of reaction and a prolonged 
incubation period may be required. 

Cyclic condensation products according to the inven- 
20 tion- are stable and strongly chelate metal ions such 
as lanthanide metal ions. Thus, they may be reacted 
to form a complex of Eu(III) or other lanthanide metal 
such as Tb(III) capable of giving fluorescent complexes 
and the resulting complex will in general be fluorescent 
25 in solution without the need to add exogenous ^-diketone. 
The reaction may be carried out in any known or conven- 
tional manner., for example ' by dialysis against a buffer 
containing ions of the metal to be incorporated. 

The condensation products produced with chelating 
30 aldehydes satisfy the coordination capacity of the lantha- 
nide metals more completely than the products from other 
aldehydes. Such products therefore chelate metals better 
and are more' fluorescent when in the form of lanthanide 
chelates . 
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The absorption maximum wave lengths of the conden- 
sation products are usually slightly shifted either way, 
depending on the starting ^ -diketone, from that of the 
(3 -diketone. This shift in wave length and hence excita- 
5 tion maximum may be used as an index of the formation of 
the condensation product. 
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The cyclic condensation product labelled with a 
lanthanide metal ion may be used as a labelled reagent 
in the fluorometric assay of a wide variety of substances 
but it is primarily intended for the estimation of organic 
macromolecules and haptens- occurring in body fluids either 
naturally or as a result of disease or malfunction or the 
treatment of disease or malfunction, for example antibodies, 
antigens and other proteins, hormones, enzymes, drugs and 
15 viral particles. The fluorometric assay may be carried 
out using any of the known or standard techniques. . Examples 
of suitable techniques are mentioned in the patent specific- 
ations and applications referred to above and in the refer- 
ences mentioned in them. See also Dakubu S. , Ekins R.P. 
et al, "High-sensitivity, pulsed-light time-resolved fluoro- 
immunoassay" in Practical Immunoassay, W. Butt (Ed)., Marcel 
Dekker Inc., pages 71-101. The assay may be a qualitative 
assay, used purely for detection of a possible antibody 
or other substance, or a quantitative assay, used to esti- 
mate the concentration of the substance to be assayed. 

One preferred assay procedure is a two-site (sand- 
wich) procedure in which the substance • to be assayed (e.a. 
an antibody or antigen) is reacted initially with its com- 
plement (e.g. an antigen therefor or an antibody therefor) 
suitably whilst the latter is attached to a solid substrate! 
and the product reacted with a labelled reagent capable 
of interacting with the bound substance being assayed (e.g. 
labelled antigen or labelled antibody). 

An alternative fluorometric assay involves a method- 
ology akin to a standard radioimmunoassay in which th- 
substance to be assayed (e.g. an antigen or antibody) and 
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a labelled reagent compete for reactive sites on a comple- 
ment (e.g. an antibody or antigen) which is conveniently 
attached to a solid substrate. 

When the cyclic condensation product is being used 

5 in a fluorometric immunoassay it is possible to carry 
out the measurement of fluorescence for the determination 
of the lanthanide metal ion (e.g. Eu(III)) either in 
solution or when the labelled molecule is attached to 
a solid support. When the measurement is being carried 

10 out in solution the lanthanide metal ion can be extracted 
from the labelled complex, for example by reaction with 
added (3 -diketone (which need not be the same as the 
^-diketone used to form the complex). The added (3- 
diketone complexes with the metal ion and thereby dis- 

15 places the condensation product, and the resulting complex 
can be separated from the condensation product. However, 
it is an advantage of the present invention that it is 
not necessary to use such an enhancement solution for 
the measurement of the fluorescence but that the complex 

20 of the condensation product with the lanthanide metal 
ion is inherently fluorescent so that its fluorescence 
can be measured directly whilst it is still bound to 
the reaction product. 

For determination of the amount of fluorescence 
25 in solid form or in solution improved results may be 
obtained by addition of trioctylphosphine oxide (TOPO), 
as mentioned in European Patent . Application 0,064,484. 
This enables the labelled macromolecule to be determined 
fluorometrically to better than 10" 10 M concentration. 

30 The cyclic condensation product, suitably in solution 

in a buffer, may thus^'form part of a kit for carrying 
out fluorometric assays, the organic substance partici- 
pating iri the condensation product (either directly or 
by subsequent reaction with an active group of the NH-- 
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bearing substance actually participating) being chosen 
appropriately depending on the substance being assayed 
so as to be capable of interacting either with the sub- 
stance to be assayed or with its complement, for example 

5 a suitable antibody or antigen. The kit conveniently 
includes the ready- chelated complex of a lanthanide metal 
ion such as Eu (III) or Tb (III) with the condensation 
product. The kit may also include as a separate component 
a complement for the substance to be assayed., that comple- 

10 ment being bound on a solid support. 

Modes for carrying out the invention 

The following reagents were used in the following 
examples which are presented for illustrative purposes 
only and are not intended to limit the scope of the inven- 
15 tion. 

1) A commercially available rabbit anti-AFP solution 
containing approximately 1 mg/ml. 

2) A 1:10 dilution of a formaldehyde solution orig- 
inally 37-40% w/v- in formaldehyde, thus now having a 

20 concentration of about 1.4 x 10~ 3 moles/litre. 

3) A stock solution of cupric trif luoroacetylacetone 
(CuTFAA) in methanol at a concentration of 160 mM. 

Example 1 

400 pi of the anti-AFP solution (i.e. 2.7 x 10~ 8 
mole of anti-AFP) were incubated at 37 "C for 1 hour with 
25 200 of the diluted formaldehyde solution (i.e. 2.7 

x 10 mole of formaldehyde) and 4^ +<\ of the Cu TFAA 
solution (i.e. 5.4 x 10~ 7 mole of Cu TFAA) in an acetate 
buffer (0.2 M) at a pH of 5.7. The reaction product 
was dialysed initially against the acetate buffer to remove 
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Claims 

1. A substance capable of being labelled with a 
metal ion for use in a f luorometric assay technique, com- 
prising a cyclic condensation product of an NHj -bearing 
macromolecule, a ^ -diketone and an aldehyde. 

5 2. A substance as claimed in claim 1, wherein the 

NH 2 -bearing macromolecule is an antibody or antigen. 

3. A substance as claimed in claim 1, wherein, the 
NH 2 -bearing macromolecule is an NH^ -containing compound 
linked via an active group to an antibody or antigen. 

10 4. A substance as claimed in claim 3, wherein the 

NH 2 -bearing macromolecule is a polylysine or alys-ine- 
containing chelate having an active group through which 
it can be linked to an antibody or antigen. 

5. A substance as claimed in claim 1, wherein the 
15 ^-diketone is a fluorine-substituted compound. 

6. A substance as claimed in claim 1, wherein the 
aldehyde is formaldehyde. 

7. A substance as claimed in claim 1, wherein either 
the ^3 -diketone or the aldehyde has chelating properties. 

20 8. A method of potentiating an Nl^-bearing macro- 

molecule for labelling with a metal ion, comprising react- 
ing the NH 2 -bearing macromolecule with a <3 -diketone in 
the presence of an aldehyde to form a cyclic condensation 
product . 

25 9- A process as claimed in claim 8 /wherein the 

macromolecule . is an antibody or antigen. 

10. A method of. potentiating an organic macromole- 
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cule for labelling with a metal ion, comprising reacting 
an -bearing compound having an active group capable 

of reaction with the organic macromolecule with a ^ -di- 
ketone in the presence of an aldehyde to form a cyclic 
5 condensation product and linking the resulting product 
to the organic macromolecule via the active group. 

11. A process as claimed in claim 10 ^ wherein the 
macromolecule is an antibody or antigen. 

12. A labelled reagent for use in fluorometric assay 
10 comprising a • cyclic condensation product of an aldehyde, 
a (3 -dike tone and an organic substance having an NH 2 group, 
the condensation product being chelated to a lanthanide 
metal .ion to form a complex capable of being estimated 
f luorometr ically . 

15 13. A labelled reagent as claimed in claim 12, 

wherein the NI^ residue in the cyclic condensation is 
borne on or linked to an organic macromolecule. 

14. A labelled reagent as claimed in claim 13, 
wherein the organic macromolecule is an antibody or 

20 antigen. 

15. -A labelled reagent as claimed in claim 12, 
wherein the lanthanide metal ion is europium (III) or 
terbium (III) . 

16.. A process for the fluorometric assay of an 
25 organic substance , wherein a labelled reagent as claimed 
in claim 12 is used. 

17. A process as claimed in claim 16 wherein the 
assay is carried out using a sandwich technique in which 
the substance to be assayed is initially reacted with its complement 
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to bind it to the complement and subsequently reacted with 
a labelled reagent as claimed in claim 12, said labelled 
reagent including an organic residue capable of interacting 
5 with the substance being assayed whilst the latter is bound 
to the complement . 

18. A process as claimed in claim 16, wherein the 
fluorescence is measured whilst the lanthanide metal ion 
is still present in the reaction product of the labelled 
reagent and the substance being assayed and/or its comple- 

10 ment. 

19. A process as claimed in claim 16, wherein the 
fluorescence is measured after extraction of the lanthan- 
ide metal ion from the reaction product of the labelled 
reagent and the substance being assayed and/or its comple- 
ment. 

15 20 • A kit for use in the fluorometric assay of an 

antibody or antigen comprising a solution in a buffer of 
a cyclic condensation product of a ^-diketone, an aldehyde 
and an organic substance capable of interacting either 
with the antibody or antigen to be assayed or with its 

20 complement, said organic substance participating directly 
in the cyclic condensation product if it is NH -bearing 
or being linked to an NH^ -bearing compound which 2 partici- 
pates directly in the cyclic condensation product, the 
condensation product being chelated with a lanthanide metal 

25 ion to form the labelled reagent. 
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